Introduction {#H1-1-ZOI190517}
============

Chronic obstructive pulmonary disease (COPD) is the third leading cause of mortality worldwide and among the diseases contributing the most to disability-adjusted life-years.^[@zoi190517r1]^ Although tobacco smoke remains the major risk factor for COPD development in the United States and other industrialized countries, occupational exposures contribute substantially to the burden of disease.^[@zoi190517r2]^ A growing body of data suggests that 15% to 20% of cases of COPD are attributable to occupational exposures.^[@zoi190517r3],[@zoi190517r4]^ However, despite the general recognition of an association between occupational exposures and COPD,^[@zoi190517r2],[@zoi190517r5]^ few individual causal agents have been identified.^[@zoi190517r5],[@zoi190517r6]^ Most studies on occupation and COPD have investigated broad exposure categories (eg, "vapor, gases, dust, or fumes"), which include many agents.^[@zoi190517r7]^ Industry-specific studies, which generally provide more insight regarding specific causal agents than population-based studies, have focused on a limited number of occupational settings, which are often occupations with predominantly male workers.^[@zoi190517r3]^ Although chemical exposures are an important component of vapor, gases, dust, or fumes ^[@zoi190517r7]^ and may account for a large part of COPD risk,^[@zoi190517r4],[@zoi190517r8]^ their association with COPD remains unclear.^[@zoi190517r3]^

Exposure to cleaning products and disinfectants is common at work and at home and remains more frequent among women.^[@zoi190517r9],[@zoi190517r10]^ Exposure levels are particularly high in the health care industry,^[@zoi190517r11]^ one of the largest employment sectors in the United States and Europe.^[@zoi190517r12]^ The respiratory health risks associated with exposure to cleaning products and disinfectants are increasingly recognized.^[@zoi190517r13]^ Although investigators have primarily focused on asthma,^[@zoi190517r13],[@zoi190517r14],[@zoi190517r15]^ the irritant properties of many chemicals contained in disinfectants^[@zoi190517r13]^ support the study of a broader range of respiratory effects. A few European studies have reported an increased risk of COPD,^[@zoi190517r16],[@zoi190517r17]^ accelerated lung function decline,^[@zoi190517r9]^ and higher rates of death due to COPD^[@zoi190517r18]^ among cleaning workers. However, to our knowledge, no study to date has investigated the association of occupational exposure to disinfectants and cleaning products with COPD risk among health care workers, nor has any study suggested specific chemicals that may underlie the association between cleaning jobs and COPD.^[@zoi190517r19]^ Determining specific agents associated with adverse health outcomes is crucial in health care settings. Indeed, prevention strategies are often based on avoidance of the causal agent(s); however, adequate levels of disinfection must be maintained in health care settings to protect patients and workers from nosocomial infections.^[@zoi190517r20]^

Using data from the Nurses' Health Study II (NHSII), a large, ongoing, prospective study of US female nurses, we investigated the association between exposure to disinfectants and cleaning products and risk of incident COPD.

Methods {#H1-2-ZOI190517}
=======

Population {#H2-1-ZOI190517}
----------

The NHSII began in 1989 when 116 429 female registered nurses from 14 US states, aged 25 to 44 years, completed a questionnaire about their medical history and lifestyle characteristics.^[@zoi190517r21]^ Follow-up questionnaires have been sent every 2 years since. The NHSII was initially designed to study women's health (eg, long-term health effects or oral contraceptive use; determinants of major chronic diseases in women, such as breast cancer or cardiovascular disease), and the range of risk factors and health outcome data collected has expanded over time.^[@zoi190517r22]^ Information on occupational exposures was collected for the first time in 2009, which was defined as the baseline for the present study. This investigation was approved by the institutional review board at Brigham and Women's Hospital, and participants provided written informed consent. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](http://www.equator-network.org/reporting-guidelines/strobe/)) reporting guideline.

Among the 116 429 participants in the NHSII, 98 817 returned at least 1 biennial questionnaire during the follow-up period (2011-2015); of these, 76 331 were still in a nursing job (eFigure in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}). Among these respondents, we selected women without missing data for occupational exposure and pack-years of smoking who had not reported any history of COPD at baseline (2009). Clean and complete data used for this analysis were available in July 2018, and analyses were conducted from September 2018 through August 2019.

Occupational Exposure to Disinfectants {#H2-2-ZOI190517}
--------------------------------------

Information on nursing job types (education or administration, outpatient/other nurses, emergency department or inpatient unit, and operating room) and general disinfection tasks (frequency of use of disinfectants to clean surfaces/medical instruments) was collected by questionnaire in 2009, 2011, and 2013.^[@zoi190517r23]^ Information on the use of sprays (for instrument cleaning/disinfection, surface cleaning/disinfection, patient care, air refreshing, or other) was collected in 2011 and 2013. Disinfection tasks were studied using a dichotomous (weekly use of disinfectants to clean surfaces or medical instruments vs less than weekly) and a 3-level (no disinfection task performed weekly, weekly use of disinfectants to clean surfaces only, or weekly use of disinfectants to clean medical instruments regardless of the use of disinfectants to clean surfaces) variable. Frequency of cleaning or disinfection tasks and spray use (never, \<1 d/wk, 1-3 d/wk, or 4-7 d/wk) was also examined.

Exposure to 7 of the most commonly used disinfectants or cleaning products (formaldehyde, glutaraldehyde, hypochlorite bleach, hydrogen peroxide, alcohol, quaternary ammonium compounds, and enzymatic cleaners) was evaluated by a nurse-specific job-task-exposure matrix (JTEM), as described in detail elsewhere^[@zoi190517r24]^ and in the eAppendix in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}. The JTEM assigned exposure level (low, medium, or high) based on types of nursing jobs and general disinfection tasks. Exposure to specific disinfectants according to the JTEM was thus studied using 3-level variables, with separate models for each disinfectant. Then, because nurses were often classified as exposed to multiple products, we studied exposure to combinations of several specific products evaluated by the JTEM^[@zoi190517r14]^ for the products found associated with COPD when studied separately.

COPD Incidence {#H2-3-ZOI190517}
--------------

In biennial questionnaires, participants were asked to report any condition(s) with which they were diagnosed since the last questionnaire cycle, including emphysema or chronic bronchitis. We used this information to identify incident cases of physician-diagnosed COPD (primary case definition) from 2009 to 2015.

Between October 2015 and December 2017, we sent a supplemental questionnaire on COPD to participants who reported a physician's diagnosis of emphysema or chronic bronchitis in any past biennial questionnaire. Based on information collected on the supplemental questionnaire, we selected participants who reiterated that a physician had diagnosed them as having emphysema, chronic bronchitis, COPD, or any combination of these. This definition (stringent case definition), validated^[@zoi190517r25]^ in a random sample of participants with COPD in NHSII (eAppendix in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}), was used in a sensitivity analysis.

Statistical Analysis {#H2-4-ZOI190517}
--------------------

Prospective associations between occupational exposures and COPD incidence were evaluated by using Cox proportional hazards regression models. In each model, occupational exposure was handled as a time-varying variable and was evaluated as the highest exposure level at any of the questionnaire cycles before time of diagnosis. All Cox proportional hazards regression models were stratified by age and calendar year. For race and ethnicity, multiple categories were combined to create binary general categories. Analyses were adjusted for race (white vs black and other), ethnicity (Hispanic vs non-Hispanic), smoking habits (nonsmoker, ex-smoker, or current smoker), pack-years of smoking, and body mass index (calculated as weight in kilograms divided by height in meters squared into categories of \<25.0, 25.0-29.9, and ≥30.0). Several sensitivity analyses were conducted, further adjusting the models for diet quality as measured by the Alternate Healthy Eating Index 2010,^[@zoi190517r26]^ divided into quintiles, or for pack-years^[@zoi190517r2]^ of smoking and excluding participants with previous comorbidities (cardiovascular diseases and cancer). We performed stratified analyses by smoking status, asthma status, and job change (any change in job type from the 2009 to 2013 questionnaires) and tested interactions in multivariable models. We estimated the population-attributable fraction of weekly use of any disinfectant on COPD risk among female nurses as PAF = pc(1 − 1/AHR), in which PAF is the population-attributable fraction; pc, the prevalence of exposure among cases of COPD; and AHR, the adjusted hazard ratio.^[@zoi190517r27]^ A 2-sided *P* \< .05 was considered statistically significant. Analyses were conducted using SAS, version 9.4 (SAS Institute Inc).

Results {#H1-3-ZOI190517}
=======

Among the 73 262 women who were eligible for analysis, mean (SD) age at baseline (in 2009) was 54.7 (4.6) years; 70 311 (96.0%) were white, 1235 (1.7%) black, and 1716 (2.3%) other; 1345 (1.8%) were Hispanic and 71 917 (98.2%) non-Hispanic; 4162 (5.7%) were current smokers and 20 631 (28.2%) were former smokers. Regarding cleaning/disinfection tasks, 16 786 (22.9%) of the nurses reported weekly use of disinfectants to clean surfaces only, and 13 899 (19.0%) reported weekly use of disinfectants to clean medical instruments. Very small but statistically significant differences were seen in sociodemographic characteristics according to disinfection tasks ([Table 1](#zoi190517t1){ref-type="table"}); in particular, nurses reporting weekly use of disinfectants were younger and more often former or current smokers.

###### Baseline Characteristics of the Study Population According to Disinfectant Use Among 73 262 US Female Nurses

  Population Characteristics[^a^](#zoi190517t1n1){ref-type="table-fn"}   Weekly Use of Disinfectants to Clean Surfaces and/or Instruments   *P* Value                       
  ---------------------------------------------------------------------- ------------------------------------------------------------------ --------------- --------------- --------
  Age, mean (SD), y                                                      55.0 (4.6)                                                         54.5 (4.6)      54.1 (4.6)      \<.001
  Race                                                                                                                                                                      
  White                                                                  40 908 (96.1)                                                      16 120 (96.0)   13 283 (95.6)   \<.001
  Black                                                                  746 (1.7)                                                          274 (1.6)       215 (1.5)       
  Other                                                                  923 (2.2)                                                          392 (2.3)       401 (2.9)       
  Ethnicity                                                                                                                                                                 
  Hispanic                                                               761 (1.8)                                                          338 (2.0)       246 (1.8)       .15
  Non-Hispanic                                                           41 816 (98.2)                                                      16 448 (98.0)   13 653 (98.2)   
  Smoking status                                                                                                                                                            
  Never smoker                                                           28 050 (65.9)                                                      11 286 (67.2)   9129 (65.7)     \<.001
  Former smoker                                                          12 290 (28.9)                                                      4514 (26.9)     3827 (27.5)     
  Current smoker                                                         2233 (5.2)                                                         986 (5.9)       943 (6.8)       
  Pack-years of cigarette smoking among ever smokers, mean (SD)          13.6 (11.9)                                                        13.4 (11.6)     14.2 (12.3)     .05
  BMI at baseline^b^                                                                                                                                                        
  \<20.0                                                                 1900 (4.6)                                                         750 (4.7)       590 (4.4)       .02
  20.0 to 24.9                                                           14 583 (35.5)                                                      5641 (35.2)     4596 (34.5)     
  25.0 to 29.9                                                           12 512 (30.5)                                                      4878 (30.4)     4270 (32.1)     
  ≥30.0                                                                  12 101 (29.4)                                                      4764 (29.7)     3853 (29.0)     
  Job type                                                                                                                                                                  
  Education or administration                                            11 085 (26.0)                                                      1431 (8.5)      588 (4.2)       \<.001
  Outpatient, other nurses                                               23 714 (55.7)                                                      8945 (53.3)     6768 (48.7)     
  ED or inpatient unit                                                   6647 (15.6)                                                        4830 (29.4)     5104 (36.7)     
  Operating room                                                         1131 (2.7)                                                         1580 (9.4)      1439 (10.4)     

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); ED, emergency department.

Data are presented as number (percentage) unless otherwise stated. Values of categorical variables may not total 100% because of rounding.

There were 2824 missing values (3.8%) for BMI.

Cleaning/Disinfection Tasks and COPD Incidence {#H2-5-ZOI190517}
----------------------------------------------

Based on 368 145 person-years of follow-up from 2009 to 2015, 582 nurses reported incident physician-diagnosed COPD. In multivariable models, no single nursing job type was associated with COPD incidence, although a significant trend toward an increased risk of COPD incidence was observed when classifying jobs according to the level of disinfectant use ([Table 2](#zoi190517t2){ref-type="table"}). Weekly use of any disinfectants was positively associated with COPD incidence, with an adjusted hazard ratio (AHR) of 1.35 (95% CI, 1.14-1.59). The corresponding population-attributable fraction (calculated in combination with a prevalence of exposure among cases of COPD of 45%) was 12%. Associations were observed for use of disinfectants both to clean surfaces only (AHR, 1.38; 95% CI, 1.13-1.68) and to clean medical instruments (AHR, 1.31; 95% CI, 1.07-1.61). When we examined the frequency of cleaning/disinfection tasks ([Figure](#zoi190517f1){ref-type="fig"}), risk of COPD incidence was highest among nurses with the greatest frequency of use (4-7 d/wk). A significant dose-response association was observed for the use of any disinfectants (for frequency of 4-7 d/wk: AHR, 1.43; 95% CI, 1.13-1.80; *P* for trend \< .001) and disinfectants to clean surfaces (for frequency of 4-7 d/wk: AHR, 1.37; 95% CI, 1.09-1.72; *P* for trend, .003). Weekly use of spray (vs less than weekly) was not significantly associated with COPD incidence. However, when we examined frequency of spray use, a significant trend toward an increased risk of COPD incidence with higher frequency of use was observed (*P* for trend, .03), with a dose-response association.

###### Prospective Association of Job Types and Self-reported Cleaning/Disinfection Tasks With Chronic Obstructive Pulmonary Disease Incidence Among US Female Nurses

  Occupational Exposure[^a^](#zoi190517t2n1){ref-type="table-fn"}   Person-Years   No. of Cases   Age-Adjusted HR (95% CI)   *P* for Trend      Multivariable-Adjusted HR (95% CI)[^b^](#zoi190517t2n2){ref-type="table-fn"}   *P* for Trend
  ----------------------------------------------------------------- -------------- -------------- -------------------------- ------------------ ------------------------------------------------------------------------------ ---------------
  Job type[^c^](#zoi190517t2n3){ref-type="table-fn"}                                                                                                                                                                           
  Education or administration                                       52 909         85             1 \[Reference\]            .004               1 \[Reference\]                                                                .02
  Outpatient, other nurses                                          196 143        285            0.99 (0.78-1.26)           1.03 (0.81-1.32)                                                                                  
  ED or inpatient unit                                              95 095         168            1.32 (1.01-1.71)           1.24 (0.95-1.62)                                                                                  
  Operating room                                                    23 998         44             1.36 (0.94-1.96)           1.38 (0.96-1.99)                                                                                  
  Weekly use of disinfectant                                                                                                                                                                                                   
  None                                                              183 480        276            1 \[Reference\]            NA                 1 \[Reference\]                                                                NA
  Any disinfectant                                                  184 665        306            1.35 (1.14-1.59)           1.35 (1.14-1.59)                                                                                  
  Surface only                                                      93 443         161            1.35 (1.11-1.65)           1.38 (1.13-1.68)                                                                                  
  Instruments                                                       91 222         145            1.35 (1.10-1.65)           1.31 (1.07-1.61)                                                                                  
  Weekly use of sprays[^d^](#zoi190517t2n4){ref-type="table-fn"}                                                                                                                                                               
  No                                                                196 903        214            1 \[Reference\]            NA                 1 \[Reference\]                                                                NA
  Yes                                                               56 702         75             1.31 (1.00-1.70)           1.27 (0.97-1.66)                                                                                  

Abbreviations: ED, emergency department; HR, hazard ratio; NA, not applicable.

Exposure was evaluated as the highest exposure level at any of the questionnaire cycles before time of diagnosis. Follow-up periods were 2009 to 2015 for job type and use of disinfectants (368 145 person-years; 582 cases) and 2011 to 2015 for use of sprays (253 606 person-years; 289 cases). Job type, weekly use of disinfectant, and weekly use of spray were evaluated in separate models.

Multivariable models were adjusted for age, smoking status and pack-years (continuous), race, ethnicity, and body mass index. Observations with missing values for pack-years of smoking (\<0.5%) were excluded from analyses. Observations with missing values for body mass index (3.8%) were included in the model as a "missing" category.

Job types are classified in increasing order of frequency of disinfectant use, as shown previously.^[@zoi190517r23]^

Use of sprays for patient care, instrument cleaning or disinfection, surface cleaning or disinfection, air refreshing, or other.

![Prospective Association Between Self-reported Frequency of Cleaning/Disinfection Tasks and Chronic Obstructive Pulmonary Disease (COPD) Incidence Among US Female Nurses\
Occupational exposure was evaluated as the highest exposure level at any of the questionnaire cycles before time of diagnosis. The follow-up periods were 2009 to 2015 for job type and use of disinfectants and 2011 to 2015 for use of sprays. Multivariable models were adjusted for age, smoking status and pack-years (continuous), race, ethnicity, and body mass index. Observations with missing values for pack-years of smoking (\<0.5%) were excluded from analyses. Observations with missing values for body mass index (3.8%) were included in the model as a "missing" category. Error bars indicate 95% CIs. Adjusted hazard ratios (AHRs) with 95% CIs are shown for type of disinfectant (A and B) and specific use of disinfectant (C and D).\
^a^Use of a disinfectant to clean surfaces or instruments.\
^b^Use of sprays for patient care, instrument cleaning or disinfection, surface cleaning or disinfection, air refreshing, or other.](jamanetwopen-2-e1913563-g001){#zoi190517f1}

Results were similar in sensitivity analyses excluding participants with previous comorbidities (cardiovascular diseases and cancer) or in models further adjusted for pack-years^[@zoi190517r2]^ of smoking or diet quality (eTable 1 in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}). Moreover, the association between weekly use of any disinfectants and COPD incidence was significant and similar in never smokers (AHR, 1.34; 95% CI, 1.03-1.73; eTable 2 in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}) and ever smokers (AHR, 1.38; 95% CI, 1.11-1.71; *P* for interaction = .91) and in participants with asthma (AHR, 1.37; 95% CI, 1.02-1.84; eTable 3 in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}) and without asthma (AHR, 1.31; 95% CI, 1.03-1.66; *P* for interaction = .78). When we examined the types of disinfection tasks, the association between use of disinfectants to clean surfaces only and COPD incidence was more pronounced among ever smokers and participants without asthma, whereas the association between use of disinfectants to clean medical instruments and COPD incidence was more pronounced among never smokers and participants with asthma. Nonetheless, the latter differences by smoking or asthma status were not statistically significant (all *P* for interaction \> .15). The association between weekly use of any disinfectants and COPD incidence was also similar in participants who changed nursing job type between 2009 and 2013 (47 788 \[65%\]; AHR, 1.41; 95% CI, 1.14-1.73) and participants who did not (25 474 \[35%\]; AHR, 1.33; 95% CI, 1.00-1.78; *P* for interaction = .52). In the sensitivity analysis using a more stringent COPD definition (eTable 4 in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}), the association between use of disinfectants to clean surfaces only and COPD incidence was similar (AHR, 1.32; 95% CI, 0.99-1.78; *P* = .06), although statistical power was no longer significant owing to fewer cases of COPD. In contrast, the association between use of disinfectants to clean instruments and COPD incidence was no longer significant (AHR, 1.14; 95% CI, 0.83-1.56; *P* = .41).

Specific Disinfectants/Cleaning Products Evaluated by JTEM and COPD Incidence {#H2-6-ZOI190517}
-----------------------------------------------------------------------------

In multivariable models using the JTEM estimates ([Table 3](#zoi190517t3){ref-type="table"}), no statistically significant association was observed between high-level exposure to enzymatic cleaners (AHR, 1.05; 95% CI, 0.84-1.31) or formaldehyde (AHR, 1.20; 95% CI, 0.92-1.57) and COPD incidence. In contrast, high-level exposure to glutaraldehyde, bleach, hydrogen peroxide, alcohol, and quaternary ammonium compounds was significantly associated with increased risk of COPD incidence, with AHRs ranging from 1.25 (95% CI, 1.04-1.51) to 1.36 (95% CI, 1.13-1.64). No significant association was observed when we compared medium- and low-exposure level (AHRs ranged from 1.18 \[95% CI, 0.95-1.46\] to 1.32 \[95% CI, 0.98-1.79\]) except for glutaraldehyde (AHR, 1.50; 95% CI, 1.18-1.90).

###### Prospective Associations Between Exposure to Specific Disinfectants/Cleaning Products Evaluated by Job-Task-Exposure Matrix and Chronic Obstructive Pulmonary Disease Incidence Among US Female Nurses

  Occupational Exposure[^a^](#zoi190517t3n1){ref-type="table-fn"}   Person-Years   No. of Cases   Multivariable-Adjusted HR (95% CI)[^b^](#zoi190517t3n2){ref-type="table-fn"}
  ----------------------------------------------------------------- -------------- -------------- ------------------------------------------------------------------------------
  Formaldehyde                                                      38 056         62             1.20 (0.92-1.57)
  Glutaraldehyde                                                    125 281        192            1.25 (1.04-1.51)
  Hypochlorite bleach                                               127 879        215            1.36 (1.13-1.64)
  Hydrogen peroxide                                                 141 504        229            1.29 (1.08-1.54)
  Alcohol                                                           150 512        245            1.32 (1.10-1.59)
  Quaternary ammonium compounds                                     142 722        233            1.33 (1.11-1.60)
  Enzymatic cleaners                                                69 447         97             1.05 (0.84-1.31)

Abbreviation: HR, hazard ratio.

Exposure was evaluated as the highest exposure level at any of the questionnaire cycles before time of diagnosis. Associations presented compare high-exposure level vs low-exposure level for each product. Observations with missing values for pack-years of smoking (\<0.5%) were excluded from analyses. Observations with missing values for body mass index (3.8%) were included in the model as a "missing" category.

Multivariable models were adjusted for age, smoking status and pack-years (continuous), race, ethnicity, and body mass index.

When we analyzed combinations of specific products (eTable 5 in the [Supplement](#note-ZOI190517-1-s){ref-type="supplementary-material"}), no associations with COPD incidence were observed among nurses exposed to alcohol or quaternary ammonium compounds only or to aldehydes (formaldehyde or glutaraldehyde) but not to the other products. In contrast, a significantly increased risk of COPD incidence was observed among nurses exposed to hypochlorite bleach or hydrogen peroxide with or without aldehydes.

Discussion {#H1-4-ZOI190517}
==========

This analysis of a cohort of 73 262 US nurses followed up across 6 years showed that occupational exposure to disinfectants was prospectively associated with a higher risk of developing COPD. Self-reported cleaning/disinfection tasks and exposure to several specific disinfectants evaluated by a JTEM, including glutaraldehyde, bleach, hydrogen peroxide, and alcohol and quaternary ammonium compounds, were associated with a 25% to 38% increased risk of COPD incidence.

To our knowledge, this is the largest prospective study to date to investigate the association of exposure to cleaning products and disinfectants with COPD incidence. Two large cross-sectional studies in Europe (of 13 499 and 502 649 participants) have reported an increased risk of self-reported^[@zoi190517r17]^ or spirometry-defined^[@zoi190517r16]^ COPD, respectively, among professional cleaners. In a cross-sectional study of US working adults, the highest prevalence of self-reported COPD was found among health care support occupations.^[@zoi190517r28]^ In 2018, a prospective analysis of 6235 participants in the European Community Respiratory Health Survey who were followed up for 20 years further showed that women cleaning at home or working as cleaners had accelerated decline in lung function, independently of asthma.^[@zoi190517r9]^ These recent findings confirmed older and smaller analyses of population-based studies reporting increased risk of COPD or chronic bronchitis among cleaners or health care--related professions.^[@zoi190517r29],[@zoi190517r30]^ Thus, our longitudinal results are consistent with the few data available in the literature and strengthen evidence of a role of exposure to disinfectants in COPD pathogenesis.

In addition, our study extends previous findings by examining disinfection tasks and exposure to specific chemicals among health care workers in relation to COPD. This question is of particular importance to provide guidance for the development of prevention strategies.^[@zoi190517r20]^ We found that use of several specific disinfectants was associated with higher risk of COPD development; these included hypochlorite bleach (chlorine), hydrogen peroxide, alcohol, and quaternary ammonium compounds (commonly used for low-level disinfection of noncritical items, such as environmental surfaces) and glutaraldehyde (used for high-level disinfection).^[@zoi190517r31]^ Several of these exposures often occurred concurrently, and disentangling the role of each product was challenging. When studying combinations of exposure to specific disinfectants, we found the highest risks of COPD incidence among nurses exposed to hypochlorite bleach or hydrogen peroxide and in those combining these exposures with exposure to aldehydes. Both the chemical properties of specific products and the greater number of products used could explain these elevated risks. Moreover, all of the agents that were associated with COPD incidence when evaluated separately have been described as airway irritants.^[@zoi190517r31],[@zoi190517r32],[@zoi190517r33],[@zoi190517r34]^ Inhalation of irritant chemicals may cause injury of the airway epithelium and oxidative stress and may be associated with neutrophilic inflammation.^[@zoi190517r35],[@zoi190517r36],[@zoi190517r37]^ Oxidative stress is now recognized to have an important role in COPD pathogenesis and to partly result from environmental exposures. In addition, neutrophilic inflammation is seen in most patients with COPD and correlates with disease severity.^[@zoi190517r38]^ It is notable that exposure to enzymatic cleaners, which have previously been associated with asthma outcomes but are known to contain sensitizers rather than irritants, was not associated with COPD.^[@zoi190517r14]^ Although the associations between exposure to specific disinfectants and COPD incidence must be replicated in independent cohorts and underlying pathophysiological mechanisms must be clarified, there is a biological plausibility that long-term exposure to irritant disinfectants and cleaning agents could contribute to persistent airway damage and COPD pathogenesis.

Strengths and Limitations {#H2-7-ZOI190517}
-------------------------

Major strengths of our study include the large population, longitudinal design, and use of a nurse-specific JTEM to evaluate occupational exposure. Previous studies were limited in exposure assessment because they relied only on job titles or self-reported use of general products (sprays or other cleaning products). To evaluate specific exposures in large cohorts, the use of job-exposure matrices is generally favored over self-report.^[@zoi190517r39]^ In this population of nurses, we further showed that using a JTEM, which assigns exposure level based not only on nursing job types but also on disinfection tasks, provides better exposure estimates than a job-exposure matrix by reducing exposure misclassification.^[@zoi190517r14],[@zoi190517r24]^ Nursing job types and disinfection tasks were self-reported; however because associations were evaluated prospectively (ie, exposure was evaluated before the report of COPD diagnosis), differential recall bias is unlikely. Moreover, we observed dose-response associations for both self-reported cleaning/disinfection tasks and specific exposures evaluated by the JTEM.

Nonetheless, our study had some limitations with regard to exposure assessment. First, the JTEM only evaluated exposure to 7 major products used in US health care settings; exposure to less common products (eg, ortho-phthalaldehyde, peracetic acid, acetic acid, ammonia, phenolics, ethylene oxide, chloramine-T, and "green" products) could not be assessed with this method.^[@zoi190517r24]^ Although a previous study using NHSII data found that fewer than 10% of nurses used these products weekly,^[@zoi190517r24]^ their potential association with COPD development should be examined in future research. Second, we did not collect information regarding the use of protective equipment during cleaning/disinfection tasks in this large population. However, in a substudy on occupational exposures conducted among NHSII nurses with asthma in 2014, 5% of the participants reported using a face mask or other respiratory protection devices when working with disinfectants,^[@zoi190517r14]^ and the use of respiratory protections did not modify the association between disinfectant exposure and poor asthma control. Third, data regarding complete occupational exposure history were not available; indeed, detailed assessment of disinfectant exposure has only been available since 2009. A previous analysis of job changes across 22 years among NHSII participants showed that nurses tend to move to jobs with lower exposure to disinfectants over time.^[@zoi190517r23]^ We therefore expect that women who, after more than 30 years working as a nurse, were still exposed to disinfectants in 2009 had already accumulated a long history of exposure. However, we may have underestimated the association between disinfectant exposures and COPD development, because the reference group (nurses currently nonexposed) likely includes women who had been exposed in the past. Fourth, despite the prospective design and exclusion of all women with COPD before baseline, we cannot exclude the possibility that our results may be subject to a healthy worker effect. Indeed, women with respiratory conditions or symptoms that sometimes precede COPD development, such as asthma, may have left exposed jobs before a COPD diagnosis. A previous study of NHSII participants found that women with a history of asthma were more likely to move to jobs involving a lower level of disinfectant exposure during follow-up.^[@zoi190517r23]^ Thus, the association between disinfectant exposure and COPD incidence may have been underestimated. Despite this potential bias, significant associations between disinfectant exposures and COPD incidence were found among women both with and without a history of asthma.

Another potential limitation was that COPD was defined by questionnaire because lung function measurements were not available in this large, nationwide cohort.^[@zoi190517r26]^ However, a previous validation study showed that self-report of physician-diagnosed COPD was a valid marker of medical record evidence of COPD in the Nurses' Health Study, a related cohort of health professionals (nurses).^[@zoi190517r25]^ Despite reduced power, sensitivity analyses using a more stringent COPD definition confirmed the main findings. In addition, the most likely source of misclassification of COPD cases is asthma misdiagnosis^[@zoi190517r25]^; however, results were confirmed after excluding all participants with a history of asthma. Finally, although COPD diagnosis in clinical practice relies in large part on spirometry, it has been argued that, in epidemiologic studies, spirometry-based definitions may not capture all COPD phenotypes^[@zoi190517r40]^ because the disease is increasingly recognized as heterogeneous. Studies with different COPD assessment methods may therefore be useful for a more comprehensive understanding of risk factors. It is thus noteworthy that our findings are consistent with a previous report of an association between cleaning work and spirometry-defined COPD.^[@zoi190517r16]^

Reports of an association between cleaning exposures, in particular when evaluated based on job title, and COPD in general population studies may raise concerns regarding potential residual confounding by socioeconomic status.^[@zoi190517r9]^ Investigating this association within a population of registered nurses, who likely have a relatively homogeneous education level and socioeconomic status, provides better control for this type of confounding. Moreover, we have carefully addressed potential confounding by smoking^[@zoi190517r5]^ by adjusting all models for smoking status and pack-years (time-varying variables) and in analyses stratified by smoking status, which confirmed the finding both among smokers and nonsmokers. Nonetheless, our study population of mainly non-Hispanic white female nurses may limit the generalizability of our results. Additional studies in different populations, including other health care--related professions,^[@zoi190517r41]^ among male participants, and among more diverse racial and ethnic groups,^[@zoi190517r30]^ are thus needed. Studies collecting information on both occupational and domestic exposure to cleaning products/disinfectants^[@zoi190517r9]^ would also be helpful to assess the overall association of these exposures with COPD.

Conclusions {#H1-5-ZOI190517}
===========

Our findings provide further evidence of an adverse association between disinfectants and cleaning products and respiratory health. A large body of evidence already supports an association between these exposures and asthma^[@zoi190517r13]^; our additional findings of an association with COPD incidence urges the need for the development of exposure-reduction strategies that remain compatible with infection control in health care settings.^[@zoi190517r19],[@zoi190517r20]^ We estimated that the population-attributable fraction of weekly use of disinfectants on COPD risk among female nurses was 12%; this findings suggests an important contribution of occupational exposure to disinfectants to the burden of COPD among health care workers. Because our study and previous reports^[@zoi190517r13]^ found that a wide range of disinfectants/cleaning agents may be associated with poor respiratory outcomes, the development of new approaches to maintain infection control standards in health care settings may be needed.^[@zoi190517r20]^ Potential safer alternatives include emerging nonchemical technologies for disinfection (eg, steam, UV light) or green cleaning,^[@zoi190517r20],[@zoi190517r42],[@zoi190517r43]^ which should be further investigated. Further research is needed to better establish a causal link between exposure to cleaning products and disinfectants and COPD development. Nonetheless, clinicians should be aware of this new risk factor and systematically look for sources of exposure to cleaning products and disinfectants in addition to other occupational exposures in patients with COPD.
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